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COMPACT GAS SENSOR 

CROSS - REFERENCE TO RELATED 
APPLICATIONS 

a [ 0001 ] This application is a national phase entry under 35 
U.S.C. 371 of International Patent Application PCT / 
EP2020 / 061257 , filed Apr. 22 , 2020 , designating the United 
States of America and published as International Patent 
Publication WO 2020/216809 Al on Oct. 29 , 2020 , which 
claims the benefit under Article 8 of the Patent Cooperation 
Treaty to French Patent Application Serial No. FR1904355 , 
filed Apr. 25 , 2019 . 

rays that have passed through the gas to be focused on the 
one or more photodetectors . This allows detection sensitiv 
ity to be increased while using compact devices . 
[ 0009 ] Document EP3208601 describes a compact gas 
sensor , formed from reflective walls the profile of which is 
elliptical . The same goes for the document WO2018162848 . 
[ 0010 ] The applicant has designed a particularly compact 
gas sensor that is compatible with a current industrial 
format . A gas sensor of optimized performance and that 
notably favours compactness and sensitivity results . 

BRIEF SUMMARY 

TECHNICAL FIELD 

[ 0002 ] The technical field of the disclosure is an optical 
gas sensor , and more particularly a nondispersive infrared 
sensor . 

BACKGROUND 

a 

[ 0011 ] A first subject of the disclosure is a gas sensor 
comprising an enclosure able to receive a gas , the enclosure 
comprising a sidewall that extends , about a transverse axis , 
between a first wall and a second wall , the sensor also 
comprising : 

[ 0012 ] a light source configured to emit a light wave 
that propagates through the enclosure and forms , from 
the light source , a first cone of light ; and 

[ 0013 ] a measuring photodetector able to detect a light 
wave emitted by the light source and propagating 
through the enclosure ; 

the sensor being such that the first wall and the second wall 
each comprise at least one reflective surface , forming a 
portion of an ellipsoid of revolution , with each reflective 
surface being associated a rank n , n being an integer higher 
than or equal to 1 , such that the sensor comprises : 

[ 0014 ] a first reflective surface of rank 1 having a first 
focal point and a second focal point , the first reflective 
surface being placed facing the light source ; 

[ 0015 ] at least one reflective surface of rank n strictly 
higher than 1 , each reflective surface of rank n having : 
[ 0016 ] a first focal point , coincident with the second 

focal point of a reflective surface of preceding rank 
n - 1 ; and 

[ 0017 ] a second point , distinct from the first focal 
point , and coincident with the first focal point of a 
reflective surface of following rank n + 1 ; and 

[ 0018 ] a last reflective surface of rank N , comprising a 
first focal point coincident with the second focal point 
of a reflective surface of preceding rank , the last 
reflective surface also comprising a second focal point ; 

such that the light wave emitted by the light source is 
successively reflected by the N ellipsoidal - of - revolution 
reflective surfaces , according to their respective rank , before 
converging towards the second focal point of the last reflec 
tive surface in such a way as to form a last cone of light , the 
measuring photodetector being placed so as to lie in the last 
cone of light : 
[ 0019 ] The ellipsoidal first reflective surface is associated 
with a first ellipse . The eccentricity of the first ellipse is 
preferably lower than 0.8 , or even 0.7 , or even than 0.5 . 
[ 0020 ] The light source is preferably placed at the first 
focal point of the first reflective surface , or at a distance 
smaller than 1 mm from the latter . The measuring photode 
tector is preferably placed at the second focal point of the 
last reflective surface , or at a distance smaller than 1 mm 
from the latter . 
[ 0021 ] Advantageously : 

[ 0022 ] each reflective surface of rank n is configured to 
reflect the light wave that it receives in such a way as 
to form a cone of light of rank n + 1 , the latter extending 
about a propagation axis of rank n + 1 ; 

[ 0003 ] It is quite common to use optical methods to 
analyse a gas . Sensors allow the composition of a gas to be 
determined based on the fact that the species from which a 
gas is composed have spectral absorption properties that are 
different from one another . Thus , if an absorption spectral 
band of a gaseous species is known , the concentration of the 
latter may be determined via an estimation of the absorption 
of the light passing through the gas , using the Beer - Lambert 
law . This principle allows the concentration of a gaseous 
species present in the medium to be estimated . 
[ 0004 ] The light source is usually a source emitting in the 
infrared , the method used usually being designated NDIR 
detection , NDIR being the acronym of nondispersive infra 
red . Such a principle has been frequently implemented , and 
is described , for example , in many documents , for example , 
in U.S. Pat . No. 5,026,992 or WO2007064370 . 
[ 0005 ] In the most common methods , the analysed gas lies 
between a light source and a photodetector , referred to as the 
measuring photodetector , the latter being intended to mea 

light wave emitted by the source and transmitted 
through the gas to be analysed and partially absorbed by the 
latter . These methods generally comprise a measurement of 
a light wave , called the reference light wave , emitted by the 
source , and not absorbed by the analysed gas . 
[ 0006 ] Comparing the light wave in the presence of gas 
and the light wave without gas allows the gas to be char 
acterized . It is , for example , a question of determining an 
amount of a gaseous species in the gas , in the case of the 
technology referred to as “ absorption - based NDIR . ” It may 
also be a question of estimating a number of particles in the 
gas , by detecting light scattered by the latter in a predeter 
mined angular range of scatter . 
[ 0007 ] The reference light wave is measured by a refer 
ence photodetector . It may be a question of a reference 
photodetector different from the measuring photodetector , 
and arranged so as to be placed facing the light source , the 
reference photodetector being associated with a reference 
optical filter . The reference optical filter defines a reference 
spectral band , in which the gas to be analysed exhibits no 
significant absorption . 
[ 0008 ] Documents EP2711687 and EP2891876 describe 
gas sensors comprising enclosures , in which one or more 
mirrors are arranged . The mirrors allow the path length of 
the light through the enclosure to be maximized , and light 

sure 

a 
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[ 0039 ] Step d ) may take into an account an intensity that 
would be measured by the measuring photodetector in the 
absence of the absorbent species in the enclosure . This 
intensity may be measured initially or may be estimated 
using a reference photodetector , the latter measuring an 
intensity of a reference light wave emitted by the light 
source and the absorption of which by the gas is considered 
to be negligible . According to one embodiment , the photo 
detector measures the reference light wave in a reference 
spectral band in which the light wave emitted by the light 
source is considered not to be absorbed . 
[ 0040 ] Embodiments of the disclosure will be better 
understood on reading the description of the examples of 
embodiment , which are described , in the rest of the descrip 
tion , with reference to the figures listed below . 

BRIEF DESCRIPTION OF THE DRAWINGS 

[ 0023 ] when n < N , the propagation axis of rank n + 1 
extends from the surface of rank n to the surface of rank 
n + 1 and through the second focal point of the surface 
of rank n , the latter being coincident with the first focal 
point of the surface of rank n + 1 ; and 

[ 0024 ] when n = N , the propagation axis of rank N + 1 
extends from the surface of rank N to the measuring 
photodetector ; 

in such a way that the light wave emitted by the light source 
undergoes a number of reflections corresponding to the 
number of reflective surfaces before reaching the measuring 
photodetector , in the form of a last cone of light . 
[ 0025 ] When n < N , each cone of light of rank n + 1 may 
converge towards the second focal point of the reflective 
surface of rank it from which it is propagating , then diverge 
towards the reflective surface of rank n + 1 towards which it 
is propagating 
[ 0026 ] According to one embodiment , the light source and 
the measuring photodetector are integral with an internal 
face of the first wall , the internal face being oriented towards 
the interior of the enclosure . According to this embodiment , 
reflective surfaces of even rank are arranged on the internal 
face of the first wall . Reflective surfaces of uneven rank are 
arranged on an internal face of the second wall . The enclo 
sure may then be formed by assembling the second wall 
facing the first wall . 
[ 0027 ] Preferably , the number of reflective surfaces lying 
between the light source and the measuring photodetector is 
uneven . The number of reflective surfaces lying between the 
light source and the measuring photodetector may be equal 
to five ( 5 ) 
[ 0028 ] The sensor may comprise a reference photodetec 
tor configured to detect a light wave considered to be not 
attenuated by the gas . The sensor may then comprise a 
reference reflective surface , forming an ellipsoid of revolu 
tion , the reference surface comprising : 

[ 0029 ] a first focal point placed at the light source ; or at 
a distance smaller than 1 mm from the latter ; and 

( 0030 ) a second focal point placed at the measuring 
photodetector , or at a distance smaller than 1 mm from 
the latter . 

[ 0031 ] Preferably , the light source , the measuring photo 
detector and the reference photodetector are coplanar , or 
substantially coplanar , a tolerance smaller than 1 mm or 2 
mm being allowed . They may be arranged on the first wall . 
[ 0032 ] Preferably , each ellipsoidal reflective surface is 
obtained by rotating an ellipse , with which the surface is 
associated , about its major axis . 
[ 0033 ] A second subject matter of the disclosure is a 
method for analysing a gas using a sensor according to the 
first subject of the disclosure , the method comprising the 
following steps : 

[ 0034 ] a ) introducing the gas into the enclosure of the 
sensor ; 

[ 0035 ] b ) illuminating the gas using the light source ; 
[ 0036 ] c ) measuring , with the measuring photodetector , 

a light intensity of a light wave emitted by the light 
source and having propagated through the enclosure ; 
and 

[ 0037 ] d ) determining an amount of a gaseous species in 
the gas , on the basis of the measured light intensity . 

[ 0038 ] Step d ) is generally implemented by a processing 
unit on the basis of a signal generated by the measuring 
photodetector . 

[ 0041 ] FIGS . 1A and 1B are cross sections of the gas 
sensor , in a transverse XZ plane and in a main XY plane , 
respectively , the main plane being perpendicular to the 
transverse plane . 
[ 0042 ] FIG . 2A schematically shows the first and second 
walls of the sensor and shows the positions of the main 
components of the sensor , i.e. , a light source , a measuring 
photodetector and reflective surfaces . In this figure , the axis 
De corresponds to a circular generatrix shown in FIG . 1B . 
This representation amounts to unrolling the enclosure of the 
sensor along this generatrix . 
[ 0043 ] FIG . 2B schematically shows the first and second 
walls of sensor . In this figure , the axis D , corresponds to 
a circular generatrix shown in FIG . 1B . This representation 
amounts to unrolling the enclosure of the sensor along this 
generatrix . 
[ 0044 ] FIGS . 3A , 3B , 3C and 3D show the main compo 
nents of the sensor . Between the various figures , the point of 
view rotates about the sensor in a positive direction of 
rotation shown in FIG . 1B . 
[ 0045 ] FIGS . 4A and 4B are results of modelling allowing 
the performance of the sensor to be estimated , with respect 
to detection of methane and of carbon dioxide , respectively . 

DETAILED DESCRIPTION 

a 

[ 0046 ] FIGS . 1A and 1B schematically show a gas sensor 
1 according to the disclosure . The gas sensor 1 comprises an 
enclosure 2 bounded by a first wall 4 , a second wall 5 and 
a sidewall 6. The sidewall 6 extends parallel to a transverse 
axis Z. The sidewall 6 is an annular wall , about the trans 
verse axis Z. It extends between the first wall 4 and the 
second wall 5. The transverse axis Z extends perpendicular 
to a main XY plane . The enclosure 2 forms a cylindrical 
housing 
[ 0047 ] The first wall 4 comprises an external face 4e and 
an internal face 4 ;. The second wall 5 comprises an external 
face 5 , and an internal face 57. The respective external faces 
4 , 5e of the first and second walls 4 , 5 are planar and lie 
parallel to the main XY plane . They are perpendicular to the 
transverse axis Z about which the annular wall 6 extends . 
The respective internal faces 4 , 5 , of the first and second 
walls 4 , 5 are oriented towards the interior of the enclosure 
2. The enclosure 2 is connected to connection pins 3 , parallel 
to the transverse axis Z. 
[ 0048 ] The shape and dimensions of the sensor 1 are in 
accordance with a format that is conventional in the field of 

e 

es 

is 
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light source of filament type formed on a suspended mem 
brane , the filament being passed through by an electric 
current . In this way , the suspended membrane is heated to a 
temperature comprised between 400 ° C. and 800 ° C. , so as 
to emit infrared light . 
[ 0057 ] The measuring photodetector 20 and the reference 
photodetector 20rer may be thermopiles or pyrodetectors or 
photodiodes . Each photodetector is configured to generate a 
detection signal , the amplitude A of which corresponds to an 
intensity I of the detected light wave . 
[ 0058 ] The intensity I of the light wave detected by the 
measuring photodetector 20 depends on the concentration 
Cc of the gaseous species of interest G , according to the 
Beer - Lambert relationship : 

1 ( 1 ) 
att = = e M ( Cz ) / 

lo 

9 

gas detection called the 4R format . The diameter ( I ) of the 
enclosure 2 is 20 mm , and its height h is 16.6 mm . On 
account of the thickness of the sidewall 6 , the inside 
diameter D'of the enclosure 2 is 17 mm . A positive direction 
of rotation around the transverse axis Z is defined and is 
considered arbitrarily to be similar to the direction of 
rotation of the hands of a clock . 
[ 0049 ] One advantage of the 4R format is this it is widely 
used in the field of electronics . Thus , a gas sensor 1 that 
respects this format may easily be connected to existing 
electronic circuits . Respect of this format facilitates main 
tenance of measuring systems , by facilitating the replace 
ment of sensors . 
[ 0050 ] However , one difficulty related to this format is its 
compactness . The useful volume of the enclosure is small , 
this requiring the optimization approach described below . 
[ 0051 ] The enclosure 2 is intended to be occupied by a gas 
G to be analysed . The gas to be analysed comprises a 
gaseous species G , a concentration G of which in the gas it 
is desired to determine . The gaseous species G , absorbs 
light , and notably infrared light , in an absorption spectral 
band Ax . The sensor 1 also comprises : 

[ 0052 ] a light source 10 configured to emit a light wave 
11 in an emission spectral band A. The emission 
spectral band may extend between the near ultraviolet 
and the mid infrared , for example between 200 nm and 
20 Oum , and most often lies in the infrared , the emission 
spectral band A being , for example , comprised 
between 1 um and 20 um . 

[ 0053 ] a measuring photodetector 20 , configured to 
detect a light wave 14 , called the transmitted light 
wave , in the absorption spectral band Axx . The trans 
mitted light wave is a light wave emitted by the light 
source 10 , and that is propagated through the enclosure , 
and that is gradually attenuated as it is propagated 
through the gas . The measuring photodetector 20 may 
be associated with a bandpass filter , defining a detec 
tion spectral band Aha comprised in the absorption 
spectral band Anx . 

[ 0054 ] a reference photodetector 20 refy configured to 
detect a reference light wave . The reference light wave 
detected by the reference photodetector 20 ref is consid 
ered to be not attenuated by the gas G present in the 
enclosure . In this example , the reference photodetector 
20ref detects the reference light wave in a reference 
spectral band href , in which the attenuation of the light 
wave emitted by the source is considered to be negli 
gible . The reference photodetector may be associated 
with a reference bandpass filter , defining the reference 
spectral band Aret For example , the reference spectral 
band Aref is centered on the wavelength 3.91 um . Use 
of a reference photodetector is optional but advanta 
geous . Alternatively , the reference photodetector is not 
placed in the enclosure 2 containing the gas , in which 
case the reference spectral band may be similar to the 
measurement spectral band . 

[ 0055 ] Preferably , the light source 10 , the measuring pho 
todetector 20 and the reference photodetector 20 rerare joined 
to the same planar holder . It may notably be a question of a 
circuit board forming the first wall 4 of the enclosure 2. Such 
an arrangement simplifies the manufacture of the sensor . 
[ 0056 ] The light source may be pulsed , and emit light 
pulses the duration of which is generally comprised between 
50 ms and 1 s . It may notably be a question of an infrared 

where : 
[ 0059 ] u ( Cz ) is an attenuation coefficient dependent on 

the sought - after concentration C ; 
[ 0060 ] I is the thickness of gas passed through by the 

light wave in the enclosure ; and 
[ 0061 ] Io corresponds to the intensity of the wave that is 

or would be detected by the measuring photodetector 
20 in the absence of absorbent gas in the enclosure . 

[ 0062 ] The comparison between I and Io , taking the form 
of a ratio 1/10 , corresponds to an attenuation att caused by the 
gaseous species G , in question . During each pulse from the 
light source 10 , it is thus possible to determine u ( Cx ) , this 
allowing the quantity C to be estimated given that the 
relationship between C , and u ( Cz ) is known . 
[ 0063 ] The intensity lo may be determined beforehand , for 
example , during a calibration , or measured in the absence of 
gas in the enclosure 2. When the sensor comprises a refer 
ence photodetector 20 , the intensity I , may be estimated 
from the reference intensity Iref measured by the reference 
photodetector . To this end , since the emission spectrum of 
the light source 10 is known , a function f allowing 1 , to be 
estimated depending on Iref according to expression ( 2 ) is 
used : 

? 

ref 
' d 

a 

16 = f ( ! rer ( 2 ) 

[ 0064 ] The sensor comprises a processing unit 30 , which 
receives the signals measured by the measuring photodetec 
tor 20 and the optional reference photodetector 20 refi The 
processing unit 30 allows , on the basis of the signals , the 
computations for estimating the concentration of the sought 
after gaseous species to be performed . The processing unit 
30 , for example , comprises a microprocessor . 
[ 0065 ] The dimensions of the enclosure 2 in which the gas 
lies are particularly small . However , it is preferable for the 
light wave detected by the measuring photodetector 20 to be 
attenuated enough for the attenuation alt to be more easily 
quantifiable , given the various noises in the measurement 
chain . It is therefore preferable for the length I travelled by 
the rays reaching the measuring photodetector to be large 
enough . The applicant considers that the attenuation att must 
be higher than 0.2 , and , for example , comprised between 0.2 
and 0.3 . 
[ 0066 ] In order to optimize the length 1 of the paths 
travelled by the rays reaching the measuring photodetector , 
an enclosure 2 comprises reflective surfaces of ellipsoidal 
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[ 0072 ] Given dimensional constraints relating to the com 
pactness of the sensor , it is preferable for the first ellipse E1 , 
associated with the first surface S? , to have an eccentricity 
lower than 0.8 , or even than 0.7 or than 0.5 . By eccentricity 
of an ellipse having a major axis g , and a minor axis p , what 
is meant is the ratio : 

| g² – p² ( 3 ) 
1 ) e = 

g 

' 

. 

shape . Thus , the reflective surfaces follow a portion of an 
ellipsoid of revolution . The reflective surfaces allow the 
wave emitted by the light source to be reflected multiple 
times before reaching the measuring photodetector . An 
increase in the length 1 travelled , in the enclosure 2 , by the 
rays reaching the measuring photodetector 20 results . 
[ 0067 ] FIG . 2A schematically shows the interior of the 
enclosure 2. In FIG . 2A , the interior of the enclosure 2 along 
a circular generatrix Di , which has been represented by a 
dashed line in FIG . 1B , has been shown . This representation 
amounts to unrolling the enclosure along the circular gen 
eratrix D1 , along which lie the ellipsoidal reflective surfaces 
Sn of rank n . The index n is a natural integer such that 
1snsN , N being the number of ellipsoidal reflective surfaces 
located on the optical path of the light wave emitted by the 
light source 10 and propagating towards the measuring 
photodetector 20 . 
[ 0068 ] The term ellipsoidal surface Sn , designates an ellip 
soidal surface of revolution , obtained by rotating in space an 
ellipse En about one of its axes . In the described example , 
each ellipsoidal surface Sn is associated with one ellipse En 
having a major axis an and a minor axis by . By ellipsoidal 
surface associated with an ellipse , what is meant is an 
ellipsoidal surface formed by rotating the ellipse about one 
of its axes . In the example shown , each ellipsoidal surface Sn 
is obtained by rotating an ellipse En with which it is 
associated about its major axis a ,. Such an ellipsoidal 
surface is said to be prolate . 
[ 0069 ] By reflective surface , what is meant is a surface the 
reflection coefficient of which , in all or some of the emission 
spectral band An , is higher than 50 % , and preferably higher 
than 80 % . In the infrared spectral domain , a reflective wall 
may be formed using a reflective material such as a metal , 
gold for example . 
[ 0070 ] Each ellipsoidal reflective surface Sn has a first 
focal point P1 - n and a second focal point P2 - n , the two focal 
points being distinct from each other . When 1 < n < N , the first 
focal point P1 - n is coincident with the second focal point 
P2- ( n - 1 ) of a preceding surface Sn - 1 . The second focal point 
P2 - n is coincident with the first focal point P1- ( n - 1 ) of a 
following surface Sn + 1 . When n = 1 ( first reflective surface 
S , ) , the second focal point P2-1 is coincident with the first 
focal point P1-2 of the second reflective surface S2 . When n 
IN ' ( last surface ) the first focal point P1 - N is coincident with 
the second focal point P2- ( N - 1 ) of the proceeding surface 
Sn - 1 . The first surface S , allows the incident light wave 11 
emitted by the light source 10 to be reflected , whereas the 
last surface Sy allows the light wave having passed through 
the enclosure 2 to be reflected towards the measuring 
photodetector 20. In the embodiment shown in FIGS . 2A 
and 3A to 3D , N = 5 . N may be comprised between 3 and 10 , 
but the applicant considers N = 5 to correspond to an opti 

a 

1 
a 

1 

. 

[ 0073 ] The eccentricity of an ellipse is strictly comprised 
between 0 and 1 , an eccentricity of zero corresponding to a 
circle . 
[ 0074 ] The light source 10 is configured to emit the 
emission light wave 11 in such a way as to form a cone of 
light 21 , called the first cone , that extends about a first axis 
41 , towards the first reflective surface S ,. The light source 10 
is placed at a vertex of the first cone of light 21. The light 
source 10 is preferably coincident with the first focal point 
P1-1 of the first reflective surface S? . 
[ 0075 ] The term coincident is to be interpreted with a 
certain tolerance , and may mean “ to be located in the 
vicinity of , " the vicinity corresponding to a region lying a 
small distance from a point . By small distance , what is 
meant is a distance smaller than 1 mm , or even smaller than 
0.5 mm . 
[ 0076 ] The first reflective surface S , is configured to 
reflect the first cone of light 2. to form a second cone of 
light 22 , extending about a second axis A2 . The second cone 
of light converges towards the second focal point P2-1 of the 
first reflective surface S? , the latter focal point corresponding 
to the first focal point P1-2 of the second reflective surface 
Sz . Downstream of the first focal point P1-2 , the second cone 
of light 22 diverges up to the second reflective surface S2 . 
[ 0077 ] The second reflective surface S2 is configured to 
reflect the second cone of light 22 to form a third cone of 
light 23 , extending about a third axis Az . The third cone of 
light 23 converges towards the second focal point P2-2 of 
the second reflective surface S2 , the latter focal point cor 
responding to the first focal point P1-3 of the third reflective 
surface Sz . Downstream of the first focal point P1-3 , the 
third cone of light 23 diverges up to the third reflective 
surface Sz . 
[ 0078 ] The third reflective surface Sz is configured to 
reflect the third cone of light 23 to form a fourth cone of 
light 24 , extending about a fourth axis A4 . The fourth cone 
of light 24 converges towards the second focal point P2-3 of 
the third reflective surface S3 , the latter focal point corre 
sponding to the first focal point P1-4 of the fourth reflective 
surface S4 . Downstream of the first focal point P1-4 , the 
fourth cone of light 24 diverges up to the fourth reflective 
surface S4 
[ 0079 ] The fourth reflective surface S4 is configured to 
reflect the fourth cone of light 24 to form a fifth cone of light 
25 , extending about a fifth axis Ag . The fifth cone of light 25 
converges towards the second focal point P2-4 of the fourth 
reflective surface S4 , the latter focal point corresponding to 
the first focal point P1-5 of the fifth reflective surface Ss . 
Downstream of the first focal point P1-5 , the fifth cone of 
light 95 diverges up to the fifth reflective surface Sg . 
[ 0080 ] The fifth reflective surface S , is configured to 
reflect the fifth cone of light 25 to form a sixth cone of light 

+ 

a 

mum . 

a 

N 

[ 0071 ] The light wave 11 emitted by the light source is 
successively reflected by the various surfaces Sn , according 
to their respective ranks , considered in increasing order . In 
other words , the reflective surfaces S , ... Sylie successively 
between the light source 10 and the measuring photodetector 
20. The term lies successively is to be interpreted with 
respect to the propagation of light between the light source 
10 and the measuring photodetector 20. The path of the light 
wave , projected onto the first wall 4 or the second wall 5 , 
describes a circular arc . 



US 2022/0214267 A1 Jul . 7. 2022 
5 

a 

n ) 1 

a 

n + 1 

i 

to 3D were obtained by gradually turning a three - dimen 
sional model of the sensor in the positive direction of 
rotation shown in FIG . 1B . 
[ 0086 ] In FIG . 3A , the light source 10 , the reference 
photodetector 20ref and the reference reflective surface Sref 
may be seen . The first and second reflective surfaces S , and 
S? may also be seen . In FIG . 3B , apart from the elements 
mentioned with reference to FIG . 3A , the third , fourth and 
fifth reflective surfaces may be seen . 
[ 0087 ] In this embodiment , each reflective surface is 
arranged on an internal face of a first or second wall : the 
reflective surfaces of even rank are integrated into the 
internal face 4 of the first wall 4 , whereas the reflective 
surfaces of uneven rank are integrated into the internal face 
5 ; of the second wall 5. The integration of the reflective 
surfaces of ellipsoidal - of - revolution shape into each internal 
face may be obtained using moulding or machining manu 
facturing techniques . Moulding is a preferred option , 
because after the moulds have been formed , it is simple to 
implement , repetitive and less expensive . According to this 
embodiment , the enclosure 2 may be formed by simply 
assembling the first wall 4 against the second wall 5 , the 
sidewall 6 being integrated either into the first wall 4 , into 
the second wall 5 , or partially into both walls . 
[ 0088 ] FIGS . 3C and 3D show other details of the reflec 
tive surfaces described above . 
[ 0089 ] Table 1 , below , collates the coordinates of the 
centres of the light source 10 , of the photodetector 20 and of 
the reference photodetector 20 , The centre of the source 10 
is considered to be the origin of the coordinate system . The 
angle of orientation with respect to the axis Z has also been 
indicated . Table I also presents the main characteristic 
coordinates of the ellipsoids of revolution forming each 
reflective surface . For each ellipsoid , the coordinates of the 
centre , corresponding to the intersection of the major axis a 
and of the minor axis h of the ellipse associated with each 
ellipsoidal surface , along the axes X , Y and Z , have been 
given . The angles of inclination 0 % , 0 , and 0 , of the major 
axis a with respect to the axes X , Y and Z have also been 
given . The dimensions of the major axis a and of the minor 
axis b have also been given . Regarding the angles , the unit 
is degrees . Regarding the coordinates or dimensions , the unit 
is millimetres . 

2 

126 , extending about a sixth axis 16. The sixth cone of light 
26 converges towards the second focal point P2-5 of the fifth 
reflective surface Ss . The measuring photodetector 20 is 
placed in the cone of light 26 , upstream or downstream of 
the second focal point P2-5 or at the second focal point P2-5 . 
[ 0081 ] Thus , the light wave 11 emitted by the light source 
10 propagates between the various reflective surfaces S , .. 
Sn with , in this example , N = 5 . Between two successive 

surfaces Sm , Sn + 1 , the light wave forms a cone 2n + 1 that 
converges from the surface S , towards the second focal point 
P2 - n of the surface S , which forms the apex of the cone 
Q + 0.1 , and which is coincident with the first focal point 
P1 - n + 1 of the surface Sn + 1 . Downstream of the latter focal 
point , the cone 2 + 1 diverges up to the surface of rank n + 1 . 
[ 0082 ] Thus , the light wave propagates directly from an 
ellipsoidal reflective surface S of rank n to an ellipsoidal 
reflective surface Sn + 1 of rank n + 1 . By directly , what is 
meant is without undergoing a reflection from another 
surface between the two ellipsoidal reflective surfaces . Thus , 
between the light source 10 and the measuring photodetector 
20 , the light wave emitted by the light source undergoes N 
reflections , i.e. , as many reflections as there are ellipsoidal 
surfaces placed between the light source and the measuring 
photodetector . This allows losses of signal on each reflection 
to be minimized . 
[ 0083 ] Advantageously , as shown in FIG . 2A , the light 
source 10 and the measuring photodetector 20 are borne by 
the same wall , which in this example is the first wall 4. The 
ellipsoidal reflective surfaces Sy of even rank n are borne by 
the same wall . The ellipsoidal reflective surfaces Sn of 
uneven rank n are borne by the wall opposite the wall 
bearing the light source 10 and the measuring photodetector 
20. The opposite wall is in this example the second wall 5 . 
Using an uneven number N of reflective surfaces , the sensor 
is such that the light source 10 may be placed in a coplanar 
manner , or substantially coplanar manner , with the measur 
ing photodetector 20 . 
[ 0084 ] When the sensor 1 comprises a reference photode 

the latter may be placed on the same wall as the 
light source 10. In this case , a reference ellipsoidal reflective 
surface Sper is placed on the opposite wall , as shown in FIG . 
2 - B . The reference reflective surface is associated with an 
ellipse Eref . In FIG . 2B , the interior of the enclosure 2 along 
a circular generatrix D2 , which has been represented by a 
dot - dashed line in FIG . 1B , has been shown . This represen 
tation amounts to unrolling the enclosure 2 along the circular 
generatrix D2 . The reflective surface Sref has a first focal point P and a second focal point P2 - rep , the focal points 
being distinct from each other . The light source 10 generates 
an auxiliary cone of light which extends between the light 
source 10 and the reference reflective surface Sref . The latter 
reflects the auxiliary cone 2 ' , to form a reference cone 2 ref 
that converges in the direction of the reference photodetector 

The light source 10 is placed at the first focal point 
of the reference surface Sres . The reference photode 

tector 20 ref is placed in the reference cone 2 refs upstream or 
downstream of the second focal point P2 - ref or at the second 
focal point P2 - ref . Just like the reflective surfaces of uneven 
rank , the reference reflective surface is preferably borne by 
the wall opposite that bearing the light source , the measuring 
photodetector 20 and the reference photodetector 20 ref 
[ 0085 ] FIGS . 3A to 3D show the arrangement of the 
various reference ellipsoidal surfaces in one example of 
implementation of embodiments of the disclosure . FIGS . 3A 

ref 

a 

tector 20 rets 

TABLE 1 

X Y Z Ox ?? ez a b 

1 - ref 10 

20 ref 
Eref 8.1 7.3 

0.0 
5.6 
2.8 
3.7 

-2.8 
-5.6 
-5.0 
-2.2 
1.8 

0.0 
4.4 
2.2 

10.1 
2.1 
5.5 
8.1 

10.4 
10.8 

20 
E1 
E2 
Ez 
E4 
ES 

0 
-1.3 
-0.3 
-1.3 
0.0 
0.5 
0.9 
1.7 
0.6 

0 
0 

90 
0 

90 
90 
90 
90 
90 

0 
0 

38.2 
0 

-37.5 
92.5 
65 
25 

-19.9 

0 
76.4 
-7.3 
140.3 

0 

20 
0 

10 
-38.4 

a 1 

6.7 5.7 
1.8 1.2 
3.7 3.4 
3.6 2.6 
5.2 4.5 20 

Pi - ref 

[ 0090 ] The inclination of the respective major axes of each 
ellipse , from which each ellipsoid is formed , is therefore 
variable , in particular with respect to the transverse axis Z. 
[ 0091 ] Simulations have been performed in order to esti 
mate the performance of the configuration described above . 
The detectable variations in the concentration of a gaseous 
species as a function of the concentration of said gaseous 
species in the gas occupying the enclosure 2 have been 
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estimated . FIG . 4A shows the results obtained from methane 
( CHS ) . The X - axis shows the concentration of CET 4 in the 
enclosure , whereas the y - axis shows the detectable varia 
tions in the concentration of CH4 . FIG . 4A further shows 
estimations made considering the gas sensors described in 
WO2018162848 ( curve a ) and according to embodiments of 
the disclosure ( curve h ) , respectively . FIG . 4B is a figure 
analogous to FIG . 4A , the gaseous species in question being 
CO2 . It may be seen that in both cases the gas sensor 
according to embodiments of the disclosure allows a lower 
gas concentration to be estimated than the sensor according 
to the prior art . 
[ 0092 ] Embodiments of the disclosure will possibly be 
applied to gas detection for environmental - monitoring pur 
poses , or used in applications involving the inspection of 
industrial gases , notably in the food - processing industry , in 
the petroleum industry , or in the distribution of gas . 

2 

1-14 . ( canceled ) 
15. A Gas sensor comprising an enclosure configured to 

receive a gas , the enclosure comprising a sidewall that 
extends , about a transverse axis , between a first wall and a 
second wall , the sensor also comprising : 

a light source configured to emit a light wave that propa 
gates through the enclosure and forms , from the light 
source , a first light cone ; 

a measuring photodetector configured to detect a light 
wave emitted by the light source and propagating 
through the enclosure ; 

the sensor being such that the first wall and the second 
wall each comprise at least one reflective surface , 
forming a portion of an ellipsoid of revolution , with 
each reflective surface being associated with a rank n , 
n being an integer higher than or equal to 1 , such that 
the sensor comprises : 
a first reflective surface of rank 1 , having a first focal 

point and a second focal point , the first reflective 
surface being placed facing the light source , the first 
reflective surface forming a portion of an ellipsoid of 
revolution associated with an ellipse the eccentricity 
of which is lower than or equal to 0.7 ; 

at least one reflective surface of rank n strictly higher 
than 1 , each reflective surface of rank n having : 
a first focal point , coincident with the second focal 

point of a reflective surface of preceding rank n - 1 ; 
a second focal point , distinct from the first focal 

point and coincident with the first focal point of a 
reflective surface of following rank n + 1 ; 

a last reflective surface of rank N , comprising a first 
focal point coincident with the second focal point of 
a reflective surface of preceding rank , the last reflec 
tive surface also comprising a second focal point ; 

such that the light wave emitted by the light source is 
successively reflected by the N ellipsoidal - of - revo 
lution reflective surfaces , according to their respec 
tive rank , before converging towards the second 
focal point of the last reflective surface in such a way 
as to form a last light cone , the measuring photode 
tector being placed so as to lie in the last light cone . 

16. The sensor according to claim 15 , wherein the light 
source is placed at the first focal point of the first reflective 
surface , or at a distance smaller than 1 mm from the latter . 

17. The sensor according to claim 15 , wherein the mea 
suring photodetector is placed at the second focal point of 
the last reflective surface , or at a distance smaller than 1 mm 
from the latter . 

18. The sensor according to claim 15 , wherein : 
each reflective surface of rank n is configured to reflect the 

light wave that it receives in such a way as to form a 
light cone of rank n + 1 , the latter extending about a 
propagation axis of rank n + 1 ; 

when n < N , the propagation axis of rank n + 1 extends from 
the surface of rank n to the surface of rank n + 1 and 
through the second focal point of the surface of rank n , 
the latter being coincident with the first focal point of 
the surface of rank n + 1 ; 

when n = N , the propagation axis of rank N + 1 extends from 
the surface of rank N to the measuring photodetector ; 

in such a way that the light wave emitted by the light 
source undergoes a number of reflections correspond 
ing to the number of reflective surfaces before reaching 
the measuring photodetector . 

19. The sensor according to claim 18 , wherein , when n < N , 
each light cone of rank n + 1 converges towards the second 
focal point of the surface of rank n from which it is 
propagating , then diverges towards the surface of rank n + 1 
towards which it is propagating . 

20. The sensor according to claim 15 , wherein the light 
source and the photodetector are integral with an internal 
face of the first wall , the internal face being oriented towards 
the interior of the enclosure . 

21. The sensor according to claim 20 , wherein : 
reflective surfaces of even rank are arranged on the 

internal face of the first wall ; 
reflective surfaces of uneven rank are arranged on an 

internal face of the second wall . 
22. The sensor according to claim 21 , wherein the enclo 

sure is formed by assembling the first wall facing the second 
wall . 

23. The sensor according to claim 15 , wherein the number 
of reflective surfaces lying between the light source and the 
measuring photodetector is uneven . 

24. The sensor according to claim 23 , wherein the number 
of reflective surfaces lying between the light source and the 
measuring photodetector is equal to 5 . 

25. The sensor according to claim 15 , comprising a 
reference photodetector configured to detect a light wave 
considered not to be attenuated by the gas . 

26. The sensor according to claim 25 , comprising a 
reference reflective surface , forming an ellipsoid of revolu 
tion , the reference surface comprising : 

a first focal point placed at the light source , or at a distance 
smaller than 1 mm from the latter ; 

a second focal point placed at the measuring photodetec 
tor , or at a distance smaller than 1 mm from the latter . 

27. A Method for analysing a gas using a sensor according 
to claim 15 , the method comprising the following steps : 

a ) introducing the gas into the enclosure of the sensor ; 
b ) illuminating the gas using the light source ; 
c ) measuring , with the measuring photodetector , a light 

intensity of a light wave emitted by the light source and 
having propagated through the enclosure ; 

d ) determining an amount of a gaseous species in the gas , 
on the basis of the measured light intensity . 

2 
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28. The method according to claim 27 , wherein step d ) is implemented by a processing unit on the basis of a signal 
generated by the measuring photodetector . 

a 

* * 


